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1 DESTINAIION OF THS TOPCGRAFEIC STERIOIETOR STD~C

50X1-HUM

The topogrophic stereometer 3TD=Z is tc te ueei fer drawing coatour
lines on aerial photographs and is cve of the instruments of the djfferentiated
method for aeria! photographic hcight survey., The stereophotsgrammetrio
measurements to be carried out with the instrument consist in determining the
difference in the x-parallaxes of the photographed terrain points. In order
that the measured differences in the x—parallaxes correspond with the horisontal
aerial photographs, obtained at a horizontal position of the base-line,
corrections are automatic~lly applied to the values measured by mcans of special
oorreotion devices, The change of difference in the x-parallaxes, comnected
with the tilt angles of the aerial photographe or with the tilt of the base-
line, takes place in proportion to the correlations between the current
ooordinates of the points under observation and is expressed in its general
form Yy the formula:

1 12 11 1 1 1 2
4P = klx +kzx +k3x ¥y +k4y +k5A P+kb6x A P+k7y AP+k8 AP 1)

in whiech kl,kz,k3,k4,k5,k6,k7,k8 are the coefficients depending on the
elements of outer and irnner orientationj

x and y are tho ourrent coordinates of the observation point
4 P 18 the difference in the x-parallaxes.

For the automatic application of corrections to the measured differences
in the psrallaxcs, the topographic stereometer is provided with six correction
devices, taking into acoount the influence of the first, seocond, third, fourth,
sixth and seventh term of abcve mentioned formula., When working with the
instrument, the influence to the fifth and the elchth term is taken into
agoount in an analytical way. The adjustment of the correction devices of the
topographio stereometer into the right position, wherehy the differences of the
x-parallaxes measured xill be free of changes, oaused by the tilt angles of the

base-line and the aeriul photographs, is called orientation of aerial photo-
ETaphe with the stereometer. The orientation of thc aerial rrotographs with

the stereometer takes rlace eitkrer according to tie elements of inner and outer
orientation known beforekhand, or in accordance with the quotes of four points

whiock are represented on the aerial photograprks, For w~rking with the instrument
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photoprints are used, which are made on photographic paper pasted ‘eforehand
on glass to prevent deformation,

After orientation of the aerial photographs set on tkLe instrument the
ocountour lines are drawn, with a pencil directly by hand on the right aerial
photograph. Afterwards, the aerial phctographs on which the countour lines
have been traced, are used for carrying over the latter to the photoplan or
for composing a graphic plan.

For working with the instrument aserial photographs size 130 x 180 mm
are used, which have been obtained by aerial camera's with any focal length
at tilt angles up to 5°. The topographic stereometer STD=2 is used when
oomposing topographic maps in a scale from 1 3 5000 up to and including
1 3 100 000.

II _DESCRIPTION OF THE TOPOGRAPHIC STEREOMETER STD-2.

On the immovable foundation 1 (fig. 1 and 2) of the topographic stereo-
meter guiding rails (slides) are situated, along which the main support 5
(fig. 1, 2 and 3) is moved by turning the rack 2. The direction of the
displacement of the main support is the direotion of the axis x-x of the
1nltruloht. On the main support two carriages are situated - the left one
6 and the right one 7 with the plate holders 8 and 9. On the pl. h, 8 and 9
serial photographs are mounted, whioh form a stereopair and are fastened
with the olamps 1l. The plate holders can rotate in their planes by means
of the sorews 10 (fig. 1); the position of the rotation axes is marked by a
oross. The deflection angle of the plate holders is read off from the scale
and the vernier (nonius) with an accurscy of 2' (sexagesimal).

The oarriages 6 and 7, may, besides displacements together with the
main support, aleo have independent displacements along the axis x-x of
the instrument for measuring the difference of the x-parallaxes, The ieft
oarriage is moving with regard to the main support hy rotation of the
x-parallax-sorew 47 (fig. 1 and 3). The magnitude of this disnrlacement is
read on a soale witk an aoouraoy of 0,01 mm,
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The right carriage (fig. 2) is automaticaily disrlaced with regard

to the main support under the influence of the correction rulers 13 and

14 (fig. 3) whioch have a joint rotation around the fired axis 4. The edge
of the ruler 13 is always in contact with the ball-race 16, connected with
the slide 48; this slide bar can move in any-direction under the influence
of the ruler 19 within a small range along the rail 12, sttached on the
pain support. The rib of the ruler 14 is also always in contact with the
ball-race 18, on the vernier slide 49. The Vernier slide 45 can be adjusted
in position on the rail 17, connected with the right carrier 7.

In tbe initial position, the correction rulers 13 and 14 are parallel,
whereas the distances from the rotation axis 4 to the ball-races 16 and 18
are equal, Therefore, the main support with the ball-race 16, moving along
the axis x-x of the instrument, pushes the ruler 13 during rotation of the
rack 2, which ruler is rotating around the axis 4 by the angles i, to be
determined (fig. 4) by the funotion

tan 1 = %
in which x = the absocissa of the obssrvation point of the RH photograph
(the distance covered by thc main support); d = the distance from the axis

4 to the ball-race 16, measured in a direction which is perpendicular to

the axis x-x.
The second ruler 14 will also turn ty the same angle 1 (ag it is
attached to the right carriage 7 by the amount
x' = d'tan 1 (v)
in whioh 4' = the distance from the axis 4 to the ball bearing 18.
A® in the initial position 4' = 4, x' = x, i.c. the right carriage
will be moving by the same amount as the main supvort. Therefore, tlere

will be no cxtra movement of the right carriasge, wben the main support
with the right carriage is moving Yy the mcgnitude x.

If however, by sorew 50 the Vernier slide 43 witk the reel 18 is
displaced along the rail 17, the lengths d and d4' of the correction rulers
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will be different. In this casec, the right carrier 7, togcther ~ith the
main support, #ill be displac:d by the Qistance X, whercas the ruler 14
makes thot it moves by the amount x'. The cxtra movezent of the right
carriage with regard tobthr m-in support will then ¢ expressed Yty the

magni tude.

.
ro
—

Sxy = xt -x =3 (@ -1 -%;-.Ad

Moreoveor, if even the loengths d and d1 of both rulerm are egual, but
the rulers are not parallel to enck other, the right carriage i also
obtains an extra displacement along the nxis x-x. Thus, if Petween the
rulers 13 and 14 the angle P is introduced (fig., 5), botk rulers will turn
by the angle i, detcrmined by the function (1), Quring displ cement of the
main support by the distance x. The rul:r 14 will displice the tallrace 15
and the right carriage by the amount

x' =md tan{d + ) = 4 tan f
Then the independent displacement x, of the right carriage will bde

represented by the funotion
2
sz-x'-x-d[tan(1+ﬁ)-tan(3-tani]§_temﬁ
(3)

The angle P between the rulers ean be changed after release of the
olambing sorew 15, whereas this angle is introduced on the scale with an
acouraogy of 2',

The difference in length of tke rulers in the instruan:nt oannot only
be changed by rotation of the mic rometer screr 50, tut also automatioally,
as a result of the movement of the slide 43 under the influcnce of the
ruler 19, For that rurposc, tke ruler 19 (fig. ¢) c~r rotate around the
axis 52, which is conncoted by the brack:t 20 with tke left carriage €
Along the ruler 19 the ball-r-ce 21 attachsd on the slide 48 is sliding,
the centre of which coincides with the sxis 52 in thke zecro position.
During the displacement of tke =-in surrort the ballerace 21 and the ruler
19 4o not ohange their position. Put, tie ruler 13 is dis:clnced with
regard to the bzll tearing 21, wher the left carriage is moved ty the
x-parallax-screw 47, If thc rulcr 1 ferms the angle ¥, witk the

direotion of the axis x-x of tic instrument, th: 2lide tar 4L with the
g oy

¥ .
¢t
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ball-roce 21 is moving 2long the rail 12 when the loft carriage is moving
from the zero position by tke amount A P, This causes " change of the

difference in length of the rulers by the amount
5 a =8 P.tan 7y

Later on, when the main support is moving, suck a change of difference in
the length of the rulers will cause an extra displncement of the right
carriage by the amount

x xA
A2,-3 b6d= T tan 1|

Before the work the instrument is put into operation the shaft of
the looater (index pin) 22 (fig. 2) has to enter into a special opening
of the ruler 19, whereas the screw 23 (£ig. 7) has to te loosened, Then,
Wy turning the x-parallax sorew the bracket 20 will glide along the axis
52 of the ruler 193 in this ocase the correction mechanism does not work.
Rotation of the x~parallax sorew will lead to a break—down of the
instrument, when the locater has been switched on and the screw 23 has
deen fastenedj therefore above mentioned oondition should be carried out

very oarefully.

To put the given correction device into operation, the first reading
is established on the scale of the x—-parallax screw (corresponding with the
combination of the spatial hair and the starting point of the model),
the sorew 23 is fastened, the locater 22 is released and the ruler 19
is turned by the angle 7 with the eccentric 24. In this case, by
further rotation of the x—parallax screw the ruler 19 is moved together
with the bracket 20 along the axis x=x of the instrument and puts the
ball-race 21 into movement along the rail 12, For s--itching off the
oorreotion device, when passing to the next stereopair, the screw should
be loosened and the locsened and the loo:xter should be switched on.

The angle 71 of defloction of the ruler 19 can b: established on 2
soale with an acouraoy of 51.

The measuring morks in the topograpkic stereometer 2rc¢ two haoirs
fixed in the holders 33 (fig. 2) whick can rotate around fixed vertical
axes, 25 (fig. 8) conneoted with the faundation of the instrument. The

+

Sanitized Copy Approved for Release 2010/10/06 : CIA-RDP80T00246A055200040001-4



Sanitized Copy Approved for Release 2010/10/06 : CIA-RDP80T00246A055200040001-4

U, el s

50X1-HUM

two guide rods 26 and 28 are connected witk tke right thresd kolder
(f1g. 8); between these guide rods tke angle hoir can be established
bty means of the screw 31, The guide rod 28 with tke length r terminates
in the ball-race 27, which always is in contact withk the rul.r 29. The
ruler 29 can rotate sround the axis 30, which is rigidly atiached to the
right oarriago.

If the ruler 29 is parallel to the axis x-x of  the instrument, then
the ball-race 27 will glide along the rulcr 29 and the thread holder will
not move when the main support moves, In this position the Mair (tbread) will
not be perpendicular to the axis x—x of the instrument, if between the
gulde rods the angle .4, was introduced. Then the absoissae of the R.H.
photograph (fig. 9) will be ohanged by 8 X, = y tanX thread. (5)

If, however, the ruler 29 is rotatcd about its axis by the angle
Py then the ruler 29 will push the ball-race 27 when the main support
is moved, which will ocsusc a defleotion (deviation) of the guiding rod 28
(fig. 8) and thc thread holder conncoted with it by the angle p. In that
oase the relation between thc angles p and p(f ~. 10) will be represented
in the form

tanp w3 tan P,

Due to the dcfleotion of the hair the abscissac of the points of the
right aerial photograph will change by the magnitude

bx, =y tan p= Frtan p (6)

The ruler 29 is turned by the micromcter screw :. and the angle of
deflection is recad off from a scale -7ith an naocouracy of ',
The left hair holder 33 is vigidly connected with the guiding rod
53 (fig. 11) with a length R, vhich terminates in the ball-race 37. The
rod 34 is restrained to move in y—direction by the rails 54, It has an
arm pointing to the right, which is ~lways in contact :7ith the ball-race
37, The rod itself terminates in the ballerace 38, The ball-race 38 gets
into oontaot with the corr.otion ruler 35, which can rotate around the
pivot 36, attached on the foundation 39. The latter is attached to the left
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oarriage by means of the fsstening screw 40.

When the main support moves, the arm of the rod 34 is sliding along
she ball-race 37 and no deflection of thc thread holder takes place. When,
however, the left carriage is moving by the negnitude AP by merns of the
x-parallax screw 47, wherc~s the ruler 35 has been turncd by the angle 72,
this ruler moves the rod 34 along the rail 54 oy the amount

k = AP tan yvs

This moves the ball-race 37 by the same amount which causes a deflection
of the thread holder by the angle .

k
S%x = R

The ohange of the absciss of the left aerial photograph will be
determined by the function

A% = y tan 6 -xik—-%A—P'Y: (1)
Before operating with the instrument, the locater 42 (fig. 1) should
be switched on, vhich corresponds with the connection of the main support

with the foundation 39 (fig. 11). In this case the fastening screw 40

et

should be loosened, because otherwise the rotgtion of the x—parallax
sorew would lead to a bro-k—down of thc instrument. Rotation of the x~

parallax sorew causes a displacement of the left carriage €, which will
move along the foundation 39 when the screw 40 has been loosened. Therefore
the given correction device does not work.

To switch on the correction device, the first reading is established
on the x=parallax secrew, the ruler 35 is turncd by the angle 72 and fasened
with the sorew 41 (fig. 1), the foundation 3) is z2ttached to thc left
oarriage with the screw 40 and the locator 42 is rcleased, "hen the device
is switched off, the screw 40 is loosencd and the locator is mounted., The
defleotion angle 72 of the ruler 35 is introduced on a scale with an
agouragy of 5',

The various points of the stcreor-ir are observed ty mcans of a

stereoscope, the oarriage 44 of which is ~oved along the rail 3 by the

PR »,
3 .
‘ .

K1
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rotation of the rack +.. The stercoscope consists of two rairs o1
mirrors (fig. 12), between which lenses are placed assuring an
enlargement of 2,5 x. 7o eliminate the otserved y-parallax, the left
lens is displaced perpendicular to the optic basis by an amourt of + € anm
by means of the micrometcr screw 55 (fige 1). To estatlish the optic
basis of the observer, the small mirrors can be moved apart bty a value
of + 8 mm from the mean value, which is equal to ¢6 rn., by means of
lathe carrier 46 (fig. 1).

The stereoscope is incorporated within a metal body 43 (fige 1),
behind which an illuminator is attached, consisting of two incandescent
lamps and reflectors. ..t the top the illuminator is covered by =
frosted plate of plastic protecting the body from heating.

ITI MAIR DATA OF THE INSTEUMENT.
1., Displacement of the main support (to the lef+ .IC mm,
to the right 85 mm) : 125 mm
2. Change of the x-parallaxes > 3> = 85 mm
3. Distance between the measuring lLairs t 17> om
4. Enlargement of the stereoscope t 2,5 x
5. Field of view of the stereoscope + 45 x 60 mm
6. Distance from the rotation centre 4 of the rulers t»
the reel 16 : 100 mm
7. Change of the distance d' from the rotation centre
4 to the reel 18 : 50 = 120 mm
8., Change of the angle [ between the correction rulers
13 and 14 ¢+ 5°
9. Chahge of swing % 1 and x 5 of tke plate carriers : *+ 12°
10, Change of the angle x hair of constant delfection of o
the hair 3 + 5
11, Change of the angle p,, causirg alternative deflection
of the hair s * €°
12, Change of the angle 71, causing difference in leng:ke
of the rulers : - 7°
13, Change of the angle Y2, causing deflection of the
left hair s + 8°
14, Radius r of deflection of the rirsht Lair : 8€ m=m
15, Radius R of deflection of <he left lair : 135 =m
50X1-HUM
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16, Acouracy of reading from the scale x-x at interpolation : Q.1 mm
17. Accuracy of reading of the x-—parallax-screw : 0.01 mm
18, Accuracy of reading from the scale &' + 0.1 mm
19, gcouraoy of reading from the soale % 10 X Sy X thread : ”

o
20 Accuraoy of reading from the scales Yl and 7, ' 5!

IV, SIGN RULES AND BASIC RELATICNG.

The values established on the correction device of the topographio
stereometer are connected with the elemcnts of cuter orientation of the

aerial photograpks by the relations:

B""%(W'-(P")
- I" [
PQ +c(u 'w) .
Aa-»f%li @R—Z;Z‘L)"»rzpﬁ.v'
R
¥ thread M W'
24 ool ad
71 + s ° ¢ + PB
7'4‘!:' w'-*Lx
2 c ° Py .hread
In whioh:
4 = distance in y-direction from pivot 4 to tallrace 16, slide 48 in

gero position » 100 mm.
taking camera principal
radius of deflection of
radius of deflection of

distance. ‘
the right hair = 86 mm.
the left hair = 135 mm,

PR = stereoscopic parallax of the reference point.
84 =
Zp" and ZR' = flying height over refererce of the RE and LH

?, 9", w', W' = longitudiral and lateral tilts of the left

difference in length of the correction rulers.

right aerial rhotograpk.

%ipread angle of contact deflection of *he thrgad.

camera
and the
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The positive values of the longitudinal and the lateral tilt are
shown on fig. 14. The positive values estatlishes on tke correction

devioes of the stereometer are shown on fig. 13.

V., OPERATING TESTS AND ADJUSTKENT OF THE TOPOGRAPHIC

STEREOMETER.

Operating tests and adjustment of the instrument are carried out
during the inspection (acceptance) in order to determine whether the
topographio stereometer is suitable for further operation and to
establish the readings on the scales of the correction devices correspond-
ing with the initial (zero) position. The operating tests are ocarried out
by means of an indicator and measuring grids mounted on the right and the
left plate~holders, For checking, small knots are tied on the measuring
hairs, determining the position of the sighting marks.

During the adjustment of the topographic stereometer it is asocertained
shether:

1. the guide rails of ell carriages are roctilinear and parallel
to eaoch othert

2. the rotation oentres of the plate—=holders of both aerial
photographs coincide with the crosses on the carriages;

3. the line, joining the rotation centres of the plate~holders
is parallel to the x=x axis of the instrument)

4, the horisontal arm of the rod 34 is parallel to the x-x axis
of the instrumentj

5. the guide rail 17 is perpendicular to the x—-x axis of the
instrumenty

6. the quality of the image observed is goodj

7. the rotation axes of the plate~holders are situated in line
with the rotation axes of the hair holdcrs when sighting to
the rotation centres of the plate-holdersj

8. the right hair passes through the rotation centre of the
right plate=holder at the initial positiony

‘9. the soales are applied and the screws of the instrument are

made with the required accuracy.

6.-*:,\ R T R | '
b Cel e
bus, : i
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The rectilinearness and matual parallelisz of the guiding reils of
the oarriages are cheoked by means of grids, wkich are mounted on the
plate—holders of the instrument, when tke =ean interseotion of the lines
of the grid coincides with the rotation centre of the rlate=holder. At
that moment, the small knot, tied on the kair, should also coincide with
the mean intersection of the lines of the grid, By rotating the rack of
the nain.support it is displaced to the left, whereas the small knot of
hair should all the time coincide with the same horizontal line of the
grid, with which it has coincided in the initial position. Then there is
no ocoinoidence, the clamping sorew of the plate—holder is loosened and
Yy turning the plate—holder by the angle X , the small knot of thread is
brought in line with the chosen stroke.

After this, during rotation of thc rack, the knot of thread should
all the time move along the chosen horizontal stroke with a deviation of
not more than 0.1 mm. Yhen the displacement of th¢ knot of thread exceeds
the permissible movement, it proves that the guide rails are not
rectilinear, which should be corrected by the meohanic . Furthermore, if
the left carriage is displaced by rotating the x-parallax sorew or the
right oarriage by changing the angle i between the correction rulers, the
knots of thread should move along the same horizontal strokes with an
error of not more than 0,2 mm. When the error is larger than allowed it
points to the faot that all three guide rails are not parallel, whioh is
also eliminated by the mechanic.

When the plate-holder with the grid is rotated in its plane by the
angle x , the central intersection of the grid lines should not leave the
oross on the axis of the plate—~holdery a displacement by a value greater
than 0,3 mm is corrected by the mechanio.

The location of the rotation centres of both plate~holders on one
straight line, parallel to the x-x axis of the instrument, is checked
after both grids have been mounted on the plate~holders and when their
horisontal strokes coincide with the direction of the x-x axis of the
instrument, Then the thread is stretched over the grids and ie brought in
line with the horizontal stroke of one grid. The corresponding stroke of
the seoond grid should coincide with the stretched thread ~ith an error

Ly
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of not more than 0,2 mmj in case of non=coincidence, it is remedied Yy

the mechanio.

The parallelism of the horizontal arm of rod 34 of the x-x axis of
the instrument is ohecked by displacing the main support along the x=x
axisj in this case, the thread-holder should not rotate in its plane,

By means of the right thread it is ascertained whether the right
guide rail 17 of the vernier slide bdar 49 is perpendicular‘to the x=-x
axis of the instrument. To this end, by displacing the main support the
right thread is bdrought in line with the interseotion of the strokes of
the orientated grid, which intersection coincides with the rotation centre
of the right plate=holder., If in the given position the thread does not
ocoincide with the vertioal stroke of the grid, such a ocoincidence is
attained by bending of «x thread’ When the main support is displaced, the
right thread should coincide with all ther vertical strokes) if this
oondition is not fulfilled, the angle p , changes. As a result of such
aotions, the right thread always keeps a position that is perpendioular
to the x-x axis of the instrument. After this, the adjusting sorew 15 is
loosened and by displacement of the main support the right thread is
mounted the edge of the guide rail 17. For the edge of the guide rail 17
and the right thread an unparallelism of not more than 0,1 mm is allowed,

The quality of observation with the stereoscope is checked by stereo-
scopio observation of the grids oricntated in the instrument, Correspond-
ing horizontal lines of the grids must be fused without any strain of the
eyes. If, however, corresponding horizontal lines bifurcate or are seen

not parallel, there must be a lateral dcflection of one of the mirrors.

Whether the rotation centres of the plate—~holders are collinear with
the rotation centres of the thread-holders is checked after all correction
devices have been set in the initial position. Then, after having brought
the right thread in line with the rotation centre of the right plate-
holder, the rulers 26 and 29 should be turned by as large as possible
angles, If, at suck rotations, the thread will not leave the rotation
ocentre of the plate-holders bty values greater than 0.2 mm, the condition
is considered to be fulfilledsy if not, tho mechanic should move the
rotation axis of the thread-hglder. Just-in thg same way, the left thread,

50X1-HUM
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brought ir. line with the rotation centre of the left plate=holder, should
not leave the centre at the greatest values of the angle I, and for large
differences O P in x-parallax, It is ascertaired if the right thread
passes through the rotation centre of the right plate~holder, after
having put the scale x of the instrument into the initial position. In
this caso, the right thread should pass through the rotation centre of
the right plate-bolder with an error not exceeding 0.5 mn., When this
oondition is not fulfilled, it has to be rcmedied by displacing the

rotation centre of the correcotion rulers.

The soales and the operation of the sorews of the instrument are
ohecked by means ofameaauring dial, whioh is fastened on the immovable
foundation of the instrumenty thc pin of the indicator should rest against
the left oarriage. The displacement of the lcft carriage withvtho sorew
of the x-parallaxes causes a changc in the readirgs on the soales of the
indicator and the parallactic sorew and thesec ohunges have to be equal
to each other.

Defects of the instrument notcd after the teste can only be
remedied by the mechaniec.
The index—errors c.q. initial settings have to be determined in this

sequences

a. the P-scale (15) and the differencc (d' - d) = 84

b, the x-soale (€0).

. the X -soale (31).

d. the p -soale (32).

e. the determination of the value d' for a given setting
of soale (17).

f., the x narallax sorew {(47).

g. the T-scale (19).

h. the 7rsoale (41).

i. the determination of r' and r"

a. The gero point of the P-soale and the difference (d' - d) are
determined from x-parallax measur-rents on three points of the grid

plates., These points are choser arnd numtered as in the diagram 14a.

b n

50X1-HUM
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,‘”""“"" - ke roirnt 1 is the XK plate carrier
rotz*tion certre,
R TRE ovsttor ¢
739 : Th: readings are Fy, P. and P}. The
i N

index error €3 of tke ;7 soale is then
] determincdvby
 fig. l4a €a=B + 108(R + Py - 2Py)  (9)
In which 3' is the injtial setting.of
the P-soale, The results are cxprcssed in sexagesimal minutes.
Introduce Eg on the scale. The Ad is Qetermined by

t ; ' w A
P1 + 3P2 I

bd = - 0.8 (10)
4d is annulated by ohanging tke reading of the d' scale by this amount,

which must be done before proceeding,

Determination of the zero~point of the X-scale. 3hift thre x-~carriage
until the RH thread passes through the RH centre—cross. Vary the d by
means of rotation of the ruler 12, after having released the looator 22,
the olambing screw of the 71 scale and thc screw 23, If the plate~holder
moves due to the d-variation, shift tke x-carriage until it stops moving.
Now the ruler 13 must be parallel to the guide-rail 17, This guide-rail
was adjusted to be perpendicular to the y-rail at the faotory, The x-
reading is now noted.

The soale for the Xhread (31) must read zcro if the right thread is
parallel to the vertical grid line passing througk the centre-errors,
(Previously the x was sct to zero by mears of the knot on the right
thread. Check this!).

The p  soale must read zero if the RH ‘hread is parallcl to all other

grid=lines in y-direction. Check this on thte line X = 80 mm.

The value d' is found in the following way:

Put the right thread or the grid line for whick X = 30 mm. Read the
vernier (di) Change this reading urtil tke right thread is on the line
x = 70 mm, Read the vernier again (dé). The do is then:

8¢ ,

do "% -~ - (dl - dé) (11)

50X1-HUM
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f. The index—-error of trLe x-rarallax-scre~ Is deterzired Irom
£ =7 = ‘x. = x.)
3 X - o
In whieh x = the x-reading of the Li principal point
x, = the x-reading of the EE princiral point.
g. The Yl-soule must read zero when tke RE plate holder does not move
when the x=parallax—screw is turned over some cerntimetres.
The looa‘or must be loose, screw 2> clambed.
b. The Tz—sonle is checked with the LH thread, if Y, is zero, the thread
may not pivot. Check this on a poirnt y = + 80.
i. r' and r" are, as do instrumental constants, r' is d.termined in the
following way (fig. 15).
Put the 72-lever at its maximum. Oteerving with the left eye make ocoine-
oidence of the thread with a vertical grid line, Read the Px-sorev and
then turn it until the tkread has an inclination, relative to the grid
of arotan A% . Read Px again, r' is nov computed from:
L -
e 2 AP, 3}3{; (12)
The r" is determined in a similar way (fig. 16), now using the right
thread with the formula
r' = f&. tan 8p (13)
In which X and y are the coordinates of the point under observation and
8x the displacement of the RE thread due to a chang: ap on the p scale.
After having determined all tkesc comgaats it is possidble to set the
elements of the instrument if the orientation elements of the photographs
are given,
VI, ORIZNTATICH OF .ERI..L PESIOGR..PHS WITH THE
STERECUETER,
Aerial photographs arc orieriated with the stereometer according
to control points known in heigkt., Takirg one of tke corntrol points as
50X1-HUM
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the reference point, the Leigkt differcnces Ak of all other points with
regard to the re’erence poirt car te dctercined, whereas aocording to
formula .
I
s
AP = ——Zq “y- 8B (14)
the differences in the x-parallsxes car ‘e found, whiek should te

measured at a horizontal tase-line and horizontal aerial photographs.

The heights of four points‘(B, 4, 5 and €), located as shown on
£ig., 17, are determined on two aerial protographs forming a stereopair.
For these aerial photographs the mutual lorgitudinal (a¢) tilt, the
mutual lateral tilt (A w), the flying he.ght i above the reference plane
and the stereoscopic parallax of the reference point FR are found first
of all.

By rotating the rack (2), the mair surport of the stereometer is
moved until the right thread passes through the rotation centre applied
on the axis of the carriage. In this position, a small knot is tied on
the thread, which should coincide with the rotation centre., The right
serial photograph is mounted on the plate—~holder under the thread in suoh
& way that its principal point coincicdes witkh the knot and the line
oonnecting the principal points of two aerial photographs is nearly
parallel to the x=x axis of the irstrument, Thus, by rotating the raok, I
the left thread is brought in line witk thec rotation oentre of the loff ‘
plate=holder, the knot is tied on the left thread and the left aerial
photograph is placed on the plate~holder, The overlapping parts of both
aerial photographs should te arranged inside thke instrument and the
photographs should be fastened on the plate~holders ty means of olamps.

The photographs are oriénted wvith resreot to the flight line in the
following way. Observe the point 1 (LH prinoipal poirt). !lake ocoincidence
between the two knots in x directior =itk the¢ x-parallax—sorew (47) and
in pdirection with the RH x (1C),

Observe then the point 2 and eliminate y-parallax tetween the knots with
the LHx sorew, After having repeated this once or tvice one should kave

an undisturbed stereoscoric image and thc t-o ¥rois are taken away.

Then prooceding directlyrtp the orientation it3elf —itkL the stereo—

H
I
LR T
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meter, 1t is nocessary to establisk first of all the angles § and o
between the correction rulers, so tkat tke position of all other
oorreotion devices may correspond with their gero value. To this end, a
reading from the soale d' is stated by displacing the slide bar 49 along
the guide rail, whioh is just equal to 10V am, and according to the
soales Xy read’ 71 and 7, readings are stated whioh are equal to sero.
The angles mdpo are caloulated acocording to the formulaet

pa-d@aom e X (- (8)

in whioh 4 = 100 mm,
o = principal distance,
r“- 86 om,

The orientation begins from point 4, which is taken as the referenoce ,
point, The spatial mark is brought in line two times successively with
this point by the stereomscope and the average from the two x-parallax
resdings is entered in the column "Reading" of the journal used for
orientation (table 1). The difference between the two readings should not
exoeed 0,02 mmj) when the value of this magnitude is greater, it is
necessary to repeat sighting., In the same way, the spatial mark is
brought in line with point 6 and the average from the two readings 1is
entered in another line of the same oolumn,

In the oolumn "Should be" the sum of the reading, obtained when .
bringing the spatial mark in line with point 4, with the difference of the
z-parallaxes of point 6 oaloulated from the known height difference, is
entered., The difference between the measured and the calculated readings
is entered for point 6 in the oolumn "Difference", If the obtained 4if-
.ference proves to be greater tkan 0,02 mm, it is eliminated by turning
of %y cad (31) of the right thread in its plane, To this end, the
obtained difference is multiplied b the quotient of the ordinate of the
fourth over the difference in the ordinates of the sixth and the fourth
point and the Quantity then obtained is suttracted from the oaloulated
reading of the column (Should bte) to the sixtk point. The difference
oaloulated in this way is set orn the x-rarallax screw, fut then the
spatial mark does not coinoi@gwwith point € of the model of the terrain,

50X1-HUM
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This coincidence is attained ty turning the right kair in its plane Yty
the angle x ., ..o (3) without okLarging the reading from the soale of
the parallaotic sorew. After this, the spatial mark is.aglin brought in
line with point 4 of the model, and a new reading is taken, which is
entered again in the column "Reading". Then the sratial mark is brought
in line with point €, and in the column of the journal the reading ie
entered, and also its value whiek has bteen calculated as the sum of the
reading on point 4 and the caloulated difference of the X parallaxes,
When thore is a lack of coincidence of more than + 0,03 mm of the
caloulated and measured readings on the sixtk point, the whole prooedure
should be repeated,

In the same vay, the spatial mark is brought in line with point 3
and the obtained reading is eontercd in the column of the journals the
oaloulated reading is then obdtaincd by summing up the last reading on
point 4 with the caloulated difference in the x ~arallaxes of point 3
with regard to point 4. if the differonce tectween the measured and the
caloulated readings is more than + 0,02 mm, this is eliminated by
ohanging the length 4' of the correction ruler (49), To this end, the
reading entered in the column "lhould te" is set on tkhe x-parallax screw,
whereas the spatial mark is brought in line with point 3 of the model
by displacing the slide of the correction ruler.

After this, tho spatial mark is brought in line with point 5 of the
model whereas the x-parallax readihg is ertcred in the journaly in the
oolumn "Should be" under point 5, the sum of tkc last reading on point 4
and the calculated difference in the x-rarallaxes is cntered, If the
disorepancy between tke measured and the calculated values exoeeds
+ 0,02 mm, the difference ottained should te multiplied by the Quotient
of the ordinate of point 3 over the difference of tke ordinates of
point 5 and 3, and the value calculated irn this way should be subtracted
from the reading "'3kould te" on point ©, The found value of the rcading
"Should be" is set on tke x parallax ecrew, and tke tkread is put '"on
the ground" at point 5 by rotation of g of the right thread (32).
Subsequently, tke spatisl mark is Trought in line assirn witk point 3 of
the model and the whole procsdyre -is carried out a new until tkLe

50X1-HUM
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readings on points 3 and 5 prove to te equal to those whick have been
oaloulated beforehard.

as the actual location or tke stereopair of the points whose
altitudes are known, always differs frox tke theoretical scheme, the
orientation procedure is carried out %itr successive aprroximations.
ifter having carried out atove mentioned rrocedure, it is repeated from
the very beginning in tke same succession, *ut bty this time there are
far leas disorepancies than at the tegirning. Tke disecrepancies whioh
have appeared again are caused ty the fact that when there is no exaot
coinoidence of the points witk a‘ove mentioned scheme, the ochange of
position of all following correction devices ~ives rise to a change in
the x~parallaxes on the previous points. For instance, if xﬁ or X Aare
not equal to zero, the ckange of the angle P, OT the difference Ad in
the lengths of the rulers will lvad to a change in the r-parallax of
these points, which can lcad to a slightly incorrect estatlishment of

the angle Therefore the oriecnutatiorn procedure is continued

Xthread®
until the readings made on all four points coinclde sirmul taneously with

the values oaloalated beforekand.

In practice, it is efficient to carry out first of all ar approx-
imated oricntation witk conservation of the residual differences up to
0.1 mm, and after that to proceecd to +v¢ final orientation according to
the scheme stated atove,

The results of the measurement, connected ~with the orientation of the
stereopair are put down in the¢ Jjournal (tatle 1), in which the following
order of recording is adoptrd, In eclumn 1, the rumters of the pointas
are written according to the order of oricntation, In column 2, the
altitudes of the control points =ith an accuraey ur to C.l m, in column
"3 their elevations over the reference pcint, in ecolumn 4 the caloulated
differences in the x-parnilnxes, i: coiurn . the Xe-rarallax readings of
x-parallax,

The sum of the calculated differerncs in *he X-parallaxes and the starting
reading on roint 4 is crtered in calumr < ard the difference between the

measured and calculated reedingrifi colusn 7,
:
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After having finished the orientatior, tre obsecrver should enter the
readings from the scales of the correction devices ir the journal,

As a result of the orientation, the measured x-parallaxes of all
points of the stereopair will be free from any influence of the tilts of
the aerial photographs and the difference in flying heights.

In some oases, the heights of six points located as shown on fig. 18,
are known for orientation of aerial photographs with the stereometer.
- - - - - + max
‘l‘hcnx,‘, 0,72 (o] x + max, ¥y o;xd 0,140+ma.x;!3- $

13 = + maXy) X = 0y yg = — maxj x5 = + maxy Yo= = max, the heights of two
pointe (usually the points 5 ard 6 being regarded as check heights. In the
above mentioned variant of situation of the known points the order of

_orientation somewhat changes, First of all, the spatial mpark is brought in
line with point 2 and this parallax reading, taken as the reference
reading, is entered in the journal of orientation (table 2). After that,
tho spatial mark is brought in line with point 1, and the reading of the
parallax screw is entered in the column "Reading'" and the sum of the
reference reading with the calculated difference in the r-parallax for
point 1 is entered in the column "Should be'., The difference between these
two quantities is eliminated by changing the length &2 of the ocorreotion
ruler (49).

To this end, the rcading, which is ejqual to the caloulated value
entered in the column "Should be', is set on the parallax screw. The
spatial thread will not tc at the ground in point 1 of the model and to
put it there, the position of the slider (49) on thc guide rail of the
oorrection ruler is changed. s a check, tring once again the spatial mark
in line with point 1, but this time by meane of the parallax sorew, and if
the reading froum the parallax screw proves to te equal (with an error of
not more than + 0,02 mm) %o the calculated reading, the orientation
socording to this point can te consid.red to be finishedj when the
readings 3o not coincide, the wkole procedure should te repeated,

After estatlishment of the calculated reading for point 1 it is
necessary to dring the spatial zark =gain in line witk point 2 before
proceeding to further oriertation,,If in that case the rcference reading

3 50X1-HUM
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has ohanged (atich wiil occur duc <o ar uns<trict coincidence of point 2
with the principal point of the right photogrark, it will Ye necessary to
oompute the new v-lue ir the columrn "Sho-;lci tc" and to rerpeat the whole
previous procedure. Thus the reading -easurcd for point 1 and the
oaloulated reading will be equsl according to the method or successive
approximatiors with conservation of the initial reading entered in the
journal.

In the same way, the spatial mark is trought in line with point 4
and the average from the two readings is cntered in the column "Reading".
A comparison of this reading with the calcul.ted reading zives the dif=-
feremce Opy, which should be climinated by tending of X ihread® The
oaloulated reading is the sum of the initial reading and the difference

in the z-parallaxes caloulated according to the elevatior,

For this purpose, the caloulated reading, entered in the ocolumn
"Should be" is established on the scale of the parallactic screw, whereas
the spatial mark is brought in line with point 4 of the model by bending
of the right thread. ..s a cheok, the spatial mark is again brought in
line with point 4, but this time by rcotating the »-parallax screw and if
the difference between the measured and the oaleculated reading does not
exeed + 0,02 mm, the orientation according to this point is considered
to be finishedy if 1t does, the procedure must be repeated,

After orientation according to roint 4 the spatial thread should be
brought in line again with point 2 and the initial x-parallax reading
should be obtained, When the angle of bending of Xibread
and point 2 deviates from the prirncipral point, the initial reading will
change and therefore it will be rnecessary to perform the whole
orientation anew, beginning witkL the otservation of point 1 and the
change in the length of the correction ruler, .s a result of such a

is oonajderable

succession in the execution of the work, the constancy of tke initial
reading and the equality of the recadings reasured and calculated directly
for pointe 1 and 4 of the model should te otsorved,

Later on, the spatial thread is bdrougkt in line itk poirt 3 of the
model and the average froz tro readirgs ic -n<cred in *ke column "Reading"

of the journal. If tkhe sum of the iritial reading ard tke caleulated dif-

50X1-HUM
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ference in the x-parallaxes, entered in tke columr "3hould bde", differs
from the measured value more than + C,C2 mm, tke caloulated value is
established on the x-parallax screw, whereae the spratial zark is trougkt
in line with point 3 of the model ty changing the position of the
oorrection ruler Por Later on, the spatial thread is trought in line
again with all four points of the model in tke cuccession as desecribed
above until the x-parallax readings are equal to the computed values for
all points of observation. besides the points 1, 2, 3 and 4, the spatial
mark is also brought in line with points 5 and ©, which are oheck pointsy
In that oase, the difference between the measured and the calculated
reading on points 5 and 6 shkould not exeeed + C.03 - 0,04 mm after

orientation of the aerial photiographs according to roints 1, 2, 3 and 4.

The efficiency of choice of the first method of corientation is
oonneoted with the extent of tke necessary geodetic hLeight control. When
oompiling maps for some territory and when using the firet variant, the
geodetio height traverses are laid in the zone of tke lateral overlap
between the strips, hereby assuring the de terminatiorn of the marks of
points 3, 4, 5 and 6 for all strips, n the second variant, height
traverses passing in the middle of the routes, are added to these
traverses, which nearly doubles the amount of the field work, However,
the second variant has the advantage that ihe necessary cheok is direotly
obtained during the orientation procedure, whick is impossible with the
first variant, Nevertheless, the considerablc increase of the field works
in the seoond variant gives rcason enough tc consider the first variant

more efficient,

The order of orientatiorn as descrited above is, carried out when
evaluating merial rhotograrks of a flat region, “hen a mountainous terrain
is photographed, it is necessary to take into account the joint influence
of the tilts of the aerial phtotograpks ard the elevations of the photo-
graphed points and to use two other oorrection devices of the instrument
during the work. Therefore, after a rrelininary orientation, carried out
according to four points whick rave marks, readings are taken from the

goales d' ard Xiprena? “hich make it possitle <o compute the angles "
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and 72 according to formula (8) ard also the correction terms for all
height points according tc forzula

gvp - ARAS (15)

The ocalculated values of the angles 71 and 72 are estatliskted on the
oorrection devices of the instrumcnt, whereas tke calculated differences
in the X-parallaxes of all control points are corrected by the magnitude
6”9. Suoh an establishment riakes it possible to carry out a repeated
orientation of the aerial photographs with the stereometer acoording to
above mentioned scheme., The columns 1, 2, 3 and 4 (tadle 3) of the
orientation journal are filled in tefore the first orientation, and the
columns 5 and 6 before the second orientation.
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The instrument with removed stereoscope and plate-~holders
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Signs of the correction devices of the instrument
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Signs of the longitudinal and transversal tilt
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FIG.15 HG.16
Determination of the Determination of the
rotation radius of the rotation radius of
left thread holder the right thread
holder
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